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RECYCLING METHOD AND MANUFACTURING METHOD FOR AN 
IMAGE DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a flat-type 
image display apparatus structured by arranging a 
front panel and a rear panel via a frame, and more 
particularly to a recycling method for an image 

10 display apparatus whose life has ended. 
Related Background Art 

In recent years, with development of larger- 
screen image display apparatuses being underway, so- 
called flat panel displays that are light and thin 

15 have been receiving attention as an alternative to 

cathode ray tubes (hereinafter, referred to as CRTs) 
that are bulky and heavy. Examples of the flat panel 
displays whose research and development are well 
underway in recent years include a liquid crystal 

20 display (hereinafter, referred to as LCD) and a 

plasma display panel (hereinafter, referred to as 
PDP). There still remain problems in that the LCD 
exhibits a low brightness in images and a narrow view 
angle, ant that the PDP exhibits a low contrast. 

25 Under such circumstances, there have been growing 

needs for the flat panel displays that exhibit a high 
brightness, a high contrast, and a wide view angle as 



2 - 



in the conventional CRTs, and that can also meet 
demands for a larger screen and higher precision. 

In view of the above, self light-emitting flat 
panel displays are also being under development, 
5 which use an electron beam to cause a phosphor to 
emit light in the same manner as the conventional 
CRTs. As one of the self light -emitting flat panel 
displays, the present inventor has proposed a 
surface-conduction electron emitter display 
10 (hereinafter, referred to as SED) in which an 

electron source is structured by arranging surface- 
conduction electron emitters (hereinafter, referred 
to as SCEs) that are of one type of cold cathodes, 
instead of conventional hot cathodes, in a matrix 
15 shape on a glass plate (see, for example, JP 64- 
031332 A and JP 07-326311 A). 

Any display selected from the above types has a 
life. Factors determining whether the life has ended 
are various depending on the types of displays, and 
20 can also be various even for a single type of display. 
In most cases, it is presumed that the life ends when 
the brightness becomes low. As the currently most 
widespread display, which is the CRT, is taken as an 
example, a cathode -forming material changes with time 
25 to reduce electron emission efficiency, and then a 

current made to flow into the phosphor becomes small, 
thereby reducing the brightness. 
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In recent years, an influence to environment 
caused by products has been a growing interest, and 
more particular attention has been focused on 
recycling of the products. However, up to now, a 
5 display whose brightness becomes low and whose 

functions as an image display apparatus have been 
lost is not reused with the most part being disposed 
of. The recycling of the display is possible in 
principle by only recycling or replacing degraded 
10 parts, but difficult in reality due to the structure, 
assembly process, cost, etc. of the display, and 
therefore has not been conducted. It is desired that 
displays be not only recycled but also produce no 
waste parts similarly to other products. 

SUMMARY OF THE INVENTION 

In view of the above problem, the present 
invention therefore has an object to make it possible 
to minimize disposal of waste parts and to recycle 
20 with ease a display whose luminance becomes low and 
whose life has ended. More specifically, the present 
invention aims at reconstructing a display by 
recycling processing through multiple steps without 
replacing (disposing) an electron emitter section 
25 that is a direct cause of reduction in luminance. 

According to the present invention, there is 
provided a recycling method for an image display 
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apparatus including a vacuum container structured by 
sealing a front panel and a rear panel with a 
supporting frame at a predetermined interval, the 
front panel having an electrode and a phosphor that 
5 serve to display an image, the rear panel having an 
electron emitter for emitting electrons, the 
recycling method including: 

separating the rear panel from the vacuum 
container; 

10 recovering the electron emitter on the rear 

panel; and 

sealing again the rear panel with the front 
panel to thereby reconstruct the vacuum container. 
Further, according to the present invention, 
15 there is provided a manufacturing method for an image 
display apparatus including a vacuum container 
structured by sealing a front panel and a rear panel 
with a supporting frame at a predetermined interval, 
the front panel having an electrode and a phosphor 
20 that serve to display an image, the rear panel having 
an electron emitter for emitting electrons, the 
manufacturing method including: 

separating the rear panel from the vacuum 
container of the image display apparatus that is 
25 recovered after use; 

recovering the electron emitter on the rear 
panel; and 
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sealing again the rear panel with the front 
panel having the electrode and the phosphor that 
serve to display an image to thereby reconstruct the 
vacuum container. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow chart showing processes for 
assembling and recycling a display according to the 
present invention ; 
10 Fig. 2 is a flow chart showing processes for 

assembling and recycling a display according to the 
present invention; and 

Fig. 3 is a schematic view showing an example 
of a flat panel display (SED) using an SCE. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides a recycling 
method for an image display apparatus including a 
vacuum container structured by sealing a front panel 

20 and a rear panel with a supporting frame at a 

predetermined interval, the front panel having an 
electrode and a phosphor that serve to display an 
image, and the rear panel having an electron emitter 
for emitting electrons. The recycling method 

25 includes: separating the rear panel from the vacuum 
container; recovering the electron emitter on the 
rear panel; and sealing again the rear panel with the 
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front panel to thereby reconstruct the vacuum 
container. 

In addition, the present invention provides a 
manufacturing method for an image display apparatus 
5 including a vacuum container structured by sealing a 
front panel and a rear panel with a supporting frame 
at a predetermined interval, the front panel having 
an electrode and a phosphor that serve to display an 
image, and the rear panel having an electron emitter 

10 for emitting electrons. The method includes: 

separating the rear panel from the vacuum container 
of the image display apparatus that is recovered 
after use; recovering the electron emitter on the 
rear panel; and sealing again the rear panel with the 

15 front panel having the electrode and the phosphor 

that serve to display an image to thereby reconstruct 
the vacuum container. 

Further, in the recycling method or 
manufacturing method described above, the recovering 

20 the electron emitter preferably includes placing 

within a hermetic atmosphere the electron emitter on 
the rear panel separated from the vacuum container 
and energizing the electron emitter. 

Furthermore, in the recycling method or 

25 manufacturing method described above, the recovering 
the electron emitter preferably includes disposing 
within an atmosphere where a carbon compound exists. 
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the electron emitter on the rear panel separated from 
the vacuum container and energizing the electron 
emitter. 

Further, according to the recycling method or 
5 manufacturing method for an image display apparatus 
described above, it is preferable that an adhesive 
material for bonding at least one of the rear panel 
and the front panel to the supporting frame be a low 
melting point metal. 
10 Further, it is preferable that a main component 

of the adhesive material be indium. 

The recycling method or manufacturing method 
for an image display apparatus according to the 
present invention makes it possible to recover the 
15 electron emitter on the rear panel and then to 
recycle the display in a general process for 
assembling the panel. 

Fig. 1 shows a flow of a main process for 
assembling a display including a recycling process 
20 according to the present invention. The recycling 
process indicated by wide lines is added to a 
conventional process for the display. 

Fig. 3 is a schematic perspective view of an 
SED, whose portion is cut out for explanation. The 
25 SED is composed of a vacuum container 1 and a drive 
circuit 4 forming an IC group for driving SCEs. The 
vacuum container 1 is structured by arranging and 
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sealing a front panel 10 for displaying an image and 
a rear panel 20 with a supporting frame 2 at a 
predetermined interval. The front panel 10 includes 
a phosphor 12, a metal back 13, and a high-voltage 
5 terminal 3, which are formed on a front glass plate 
11. The rear panel 20 includes electrodes 25, 
electrodes 26, an SCE 22, and an X wiring 23 and Y 
wiring 24 for driving the SCE 22, which are formed on 
a rear glass plate 21. Note that the vacuum 
10 container 1 is hereinafter referred to as a display 
panel 1 . 

It is preferable that the front panel 10 or the 
rear panel 20 be bonded to the supporting frame 2 
with a low melting point metal. Accordingly, the 

15 front panel 10 and the rear panel 20 can easily be 
separated from the display panel 1 by heating the 
display panel 1 at a low temperature. As the low 
melting point metal, various options including an 
alloy are available. However, indium is particularly 

20 preferable in consideration of a sufficiently low 
melting point, stability with respect to an ultra- 
high vacuum (vapor pressure), compatibility with 
glass (wettability), absence of toxicity, wide 
availability, etc. 

25 In the case of the SED, some modes can be 

conceived as the cause of reduction with time in 
emission. A principal mode is disappearing carbon 
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from an electron-emitting region of the SCE. Carbon 
is used for increasing emission efficiency of the SCE, 
and is deposited on the electron-emitting region by 
an energization operation in an organic atmosphere, 
5 which is called an activation operation. Therefore, 
the SCE whose emission has been reduced can recover 
the emission by being subjected to the activation 
operation again, and having carbon deposited on the 
electron-emitting region again. 

10 A casing, the drive circuit, etc. are removed 

before separating the rear panel. The display panel 
1 is heated in a vacuum and indium is remelted, to 
thereby disassemble the display panel 1. The SCE 
whose emission has been reduced on the separated rear 

15 panel is recovered by the activation operation and 
recovers the emission. The recycled rear panel is 
applied with indium, and then sealed with the 
separated front panel again in a vacuum to thereby be 
assembled together with the drive circuit as the 

20 display. 

( Embodiment ) 

With reference to the flow of Fig. 1, detailed 
description will be made of a process for the SED to 
which the present invention is applied. 
25 (Front panel producing step) 

As the front glass plate 11, 2.8 mm-thick glass 
of PD-200 (manufactured by Asahi Glass Co., Ltd.) 
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that is low in the content of alkaline components is 
used. After the front glass plate 11 is sufficiently 
washed, 0.1 p of ITO (indium- tin oxide) is deposited 
thereon by sputtering to form a transparent electrode. 
5 Subsequently, a phosphor film is applied thereto by 
printing, and surface smoothing processing called 
filming is performed to form the phosphor 12. Note 
that the phosphor 12 is structured by arranging 
stripe -shaped phosphors in three colors of red, green, 

10 and blue so as to be spaced alternately with black 
conductive materials (black stripes). In addition, 
the metal back 13 is formed using an aluminum thin 
film on the phosphor 12 to have a thickness of 0.1 vim 
by sputtering. 

15 (Rear panel producing step) 

As the rear glass plate 21, 2.8 mm-thick glass 
of PD-200 (manufactured by Asahi Glass Co., Ltd.) 
that is low in the content of alkaline components is 
used after a Si0 2 film with a thickness of 100 nm is 

20 applied to the glass as a sodium blocking layer, 
followed by baking. 

The electrodes 25 and the electrodes 26 are 
formed by first forming a titanium film with a 
thickness of 5 nm as an undercoating layer on the 

25 rear glass plate 21 and a platinum film with a 

thickness of 40 nm thereon by sputtering and then 
applying a photoresist thereto, and performing 
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patterning by a series of photolithography including 
exposure, development, and etching. 

Next, the Y wiring 24 is formed to have a 
linear pattern so as to contact one group of the 
5 electrodes 25 and the electrodes 26 and couple them. 

Silver photo paste ink, which is used as the material, 
is screen-printed and then dried, and exposed and 
developed to have a predetermined pattern. After 
that, the Y wiring 24 is formed by baking at 480° C to 

10 obtain a thickness of approximately 10 pm and a width 
of 50 jim. Note that a terminal end thereof has a 
larger width for the use as an output electrode. 

Next, an interlayer insulating layer is 
disposed in order to insulate the X wiring 23 and the 

15 Y wiring 24. Under the X wiring 23 formed at a later 
step, the interlayer insulating layer is formed so as 
to cover intersections between the X wiring 23 and 
the Y wiring 24 previously formed, and to enable 
electrical connection between the X wiring 23 and the 

20 other group of the electrodes 25 and the electrodes 
26 (hereinafter, referred to as "the other electrode 
group") by forming contact holes in connection 
portions thereof. As a step, photosensitive glass 
paste whose main component is PbO is screen-printed, 

25 and then exposed/developed. After this step is 

repeated four times, the baking at 480° C is performed. 
The interlayer insulating layer has an entire 
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thickness of approximately 30 m and a width of 150 
Vim. 

The X wiring 23 is formed by the following 
steps. That is, silver paste ink is screen-printed 
5 on the interlayer insulating layer previously formed, 
and then dried. After the same process is again 
performed thereon for double coating, the baking at 
480° C is performed. The X wiring 23 intersects with 
the Y wiring 24 via the interlayer insulating layer, 

10 and is connected to the other electrode group at the 
contact holes of the interlayer insulating layer. 
The electrodes in the other electrode group are 
coupled to each other by the X wiring 23, and 
collectively function as a scanning electrode after 

15 completion of the panel. The X wiring 23 has a 
thickness of approximately 15 vim. 
(Applying device film) 

The SCE (device film) 22 is applied between the 
electrodes 2 5 and the electrodes 26 by an ink Jet 

20 method. The device film is formed using a solution 
containing organic-palladium obtained by dissolving 
0.15 wt% of palladium- proline complex in an aqueous 
solution containing water and isopropyl alcohol (IPA) 
at a ratio of 85:15. Then, the device film is formed 

25 into palladium oxide (PdO) by baking the resultant 

plate in the air at 350° C foir 10 minutes. The device 
film has a diameter of approximately 60 pm and a 
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maximum width of 10 nm. 

(Bonding supporting frame to rear panel) 

The supporting frame 2 is bonded to an outer 
periphery of an electrode section (corresponding to 
5 an image display area of the front panel 10) of the 
rear panel 20. The supporting frame 2 is made of PD- 
200 as in the rear panel 20. In this embodiment, the 
adhesive material adopts low melting point glass frit 
LS-7105 manufactured by Nippon Electric Glass, Co., 

10 Ltd., and is baked in the atmosphere at 450° C. Note 
that the supporting frame 2 can be attached to the 
front panel 10. Also, the adhesive material is not 
limited to the frit but the same low melting point 
metal as used in sealing may be used. 

15 (Forming device film) 

The device film 22 formed on the rear panel 20 
is caused to have fissure in an inside thereof by 
being subjected to the energization operation in a 
reducing atmosphere which is called a forming 

20 operation, thereby obtaining an electron-emitting 
region. More specifically, a cap is used to cover 
the entirety of the rear panel 20 except an output 
electrode section (outer periphery of the X wiring 23 
and the Y wiring 24) in the periphery of the rear 

25 panel 20. The cap is connected to a vacuum pumping 
system and a gas introducing system, and is 
structured so as to be able to be filled with a low- 
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pressure hydrogen gas in an inside thereof. A 
voltage is applied between the X wiring 23 and the Y 
wiring 24 from an external power supply through an 
electrode terminal to energize the electrodes 25 and 
5 the electrodes 26. Accordingly, the device film 22 
is caused to locally break, deform, or alter, thereby 
obtaining the electron-emitting region having an 
electrically high resistance. At this time, 
reduction is accelerated due to hydrogen, and then 

10 the device film 22 is changed from a palladium oxide 
(PdO) film into a palladium (Pd) film. 
(Activating device) 

The SCE that has undergone the forming 
operation is extremely low in electron emission 

15 efficiency. In order to raise the electron emission 
efficiency, the SCE is subjected to an operation 
called an activation operation. In the activation 
operation, the cap is used as in the forming 
operation for a device film to form a vacuum space in 

20 which an organic compound exits under an appropriate 
pressure, and a pulse voltage is applied repeatedly 
to the electrodes 25 and the electrodes 26 through 
the X wiring 23 and the Y wiring 24 from the external 
power supply. Accordingly, carbon or a carbon 

25 compound derived from the organic compound is 

deposited in the vicinity of the fissure as a carbon 
film. In this step, tolunitrile is used as a carbon 
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source, and introduced through a slow leak valve into 
the vacuum space, which is applied with a voltage 
while being kept at 1.3 * 10~ 4 Pa. 
(Applying low melting point metal) 
5 Each of the front panel 10 and the rear panel 

20 is placed on a hot plate heated to approximately 
120° C, and a sealing portion thereof is applied with 
indium melted in an electric crucible. An indium 
film thus applied has a width of 4 mm and a height of 
10 0.3 mm. 

(Sealing) 

The front panel 10 and the rear panel 20 are 
placed inside a vacuum chamber so as to face each 
other with a gap of several mm therebetween. In this 

15 embodiment, the front panel 10 is fixed on a lower 

hot plate, and the rear panel 20 is fixed on an upper 
hot plate that moves vertically. In this state, 
temperatures of the front panel 10 and the rear panel 
20 are heated to 300° C, and both the panels are 

20 subjected to degassing. In this embodiment, the 

temperatures are kept at 300° C for 10 hours. After 
that, the temperatures of both the panels are lowered 
to a sealing temperature of 180° C, and the upper hot 
plate on which the rear panel 20 is fixed is moved 

25 downward. As a result, the display panel 1 is 
attained. 

(Installing drive circuit) 
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A television set is structured by mounting the 
display panel 1 that has undergone the sealing to the 
casing into which the drive circuit 4 is built. 

The image display apparatus is manufactured as 
5 described above. 

The above-mentioned image display apparatus, 
which has been used and whose life has ended, is 
recovered and recycled as described below. 
(Separating rear panel) 

10 The display panel 1 is detached from the casing 

and the drive circuit 4. At this time, reuse of 
cables, which have been directly attached to leading 
end portions of the X wiring 23 and the Y wiring 24 
of the display panel 1 through anisotropic conductive 

15 films as the adhesive materials, is abandoned because 
the adhered anisotropic conductive films make it 
difficult to bond the cables again. The display 
panel 1 as a single member is placed in the vacuum 
chamber used for the sealing in the same state as 

20 when the sealing is completed (state where the upper 
hot plate is lowered) . The temperatures of the upper 
hot plate and the lower hot plate at this time are 
100° C or less, which is sufficiently lower than the 
melting point of indium. After that, the 

25 temperatures are raised to approximately 200° C, and 
the upper hot plate (rear panel 20) is moved upward 
slowly while being kept at 200° C, thereby separating 
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the rear panel 20. 

Also, as a cause of reduction in luminance, 
deterioration of the phosphor 12 on the front panel 
10 is conceivable. In that case, the front panel 10 
can be replaced in a process indicated by a dotted 
line of Fig. 1. Note that the phosphor 12 is 
difficult to solely replace, so that the deteriorated 
front panel 10 is disposed of, and another front 
panel 10 is used. 

Also, the supporting frame 2 is bonded to the 
rear panel 20 in Fig. 1. However, the supporting 
frame 2, which may be bonded to any one of the front 
panels 10 and the rear panel 20, can be bonded to the 
front panel 10 as shown in Fig. 2. 

According to this embodiment, since the basic 
factor of reduction in emission of the SCE is 
disappearing carbon from the electron- emitting region 
of the SCE, the separated rear panel 20 is fed back 
to the above-mentioned activation operation, to 
thereby be recycled. However, in the case where 
damage to the SCE itself (such as deformation of the 
device film electron-emitting region) is recognized 
as the factor of reduction in emission, the device 
film 22 can be applied again to the electrodes 25 and 
the electrodes 26, and also can be fed back to the 
device film application process (loop indicated by a 
dotted-line arrow of the Fig. 2). 
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Further, in the case where the SCE and the 
phosphor 12 are both the cause of reduction in 
luminance, a process obtained by combining that of 
Fig. 1 and that of Fig. 2 is adopted. Accordingly, a 
5 new display can be structured by replacing the front 
panel 10 and recovering the rear panel 20 (strictly, 
the SCE on the rear panel 20). 

According to this embodiment, as described 
above, the electron emitter is recycled by the 

10 activation process. Then, based on the above- 
mentioned manufacturing method for a display, the 
image display apparatus is manufactured by the same 
steps as above: bonding the supporting frame 2 to the 
rear panel 20; applying the low melting point metal; 

15 sealing; and installing the drive circuit- 

As has been described above, according to the 
present invention, it is possible to minimize the 
disposal of waste parts and to recycle with ease the 
display whose luminance becomes low and whose life 

20 has ended. That is, it is possible to reconstruct 

the display by the recovering processing through the 
multiple steps without replacing (disposing) the 
electron emitter section that is the direct cause of 
reduction in luminance. 
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